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Abstract: The average acceleration approach was applied to recover a gravity field model Model_ACA from 
GOCE precise science orbits from September 2 to November 2, 2010, and furthermore a so called sequential 
least square adjustment was used. The model was compared with other gravity field models based on CHAMP, 
GRACE and GOCE. The result shows that the model is superior to gravity field based on CHAMP, and with 
higher accuracy than other international gravity field models based on only GOCE data before 80 degree. The 
degree geoid height of Model_ACA reaches 3cm up to 90 degree and order. 
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1 Introduction 
GOCE ( Gravity field and steady -state Ocean Circulation 
Explorer) satellite had been launched on March 17 , 
2009, which contains both SST_hl (high-low Satellite-
to-Satellite Tracking) and EGG ( Electrostatic Gravity 
Gradiometer) techniques['-']. The PSO (Precise Sci-
ence Orbit) data can be used to recover the medium 
long wavelength information of gravity field , on the oth-
er hand , GG ( Gravity Gradients) data can recover the 
medium short wavelength information, for this reason, 
the aniliition of GOCE is to combine both data types to 
recover high-resolution and high-accuracy global static 
gravity field, which achieves the accuracy of 1 - 2 em 
geoid height and 1 mGal gravity anomalies at the reso-
lution of 100 km[•J. Unfortunately, there is a gap with 
a radius of 6. 5o in the both poles , therefore the meas-
ured gradients data can't cover the whole the Earth. 
The traditional approach to deal with pole gap in GG 
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recovery is simulate gradients in the gap by means of 
high accuracy gravity field, but this way is not benefit 
for recovery of GOCE-ouly gravity field[> .•J . In order to 
recover GOCE-only gravity field model, the gravity co-
efficients , can be recovered by PSO data first. So , this 
way can be regarded as an another method to combine 
both PSO and EGG. Based on the method, the average 
acceleration approach has been applied to deal with 
PSO of GOCE, and derives a gravity field Model_ACA 
with 90 degree and order, which is in a good agree-
ment with other international GOCE-only gravity fields, 
but has lower accuracy than gravity field based on 
GRACE by comparing with other high accuracy models 
and GOCE-ouly model. The work is also ready for the 
next step that recovering GOCE-only gravity coeffi-
cients by the combination of both the PSO and GG. 
2 Data preprocessing 
ESA ( European Space Agency) provides free GOCE 
data for users all over the world. According to the pur-
pose of this paper, only PSO level 2 product GOCE_ 
SST_pso_2 is needed. GOCE_SST_PS0_2 contains 4 
sub-products: SST _PKI _2 ( kinematic orbit) , SST_ 
PRD 2 ( reduced -dynamic orbit ) , SST PRM 2 
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(transformation between EFRF and IRF) and SST_ 
PCV _2 ( variance-covariance matrices of PKI) . Be-
cause SST _PRD _2 product has much more information 
of prior gravity field , the SST _PKI_2 product was used 
for recovery computation. The outliers in SST _PKI_2 
can be detected by the interpolation of SST _PRD _2. 
The point need to be noticed is that all level 2 products 
were organized by XML ( Extensive Makeup Language) 
formats. A C# routine was wrote, which could extract 
PSO and GG data from XML format files and detect 
outliers in PKI by applied Chebyshev interpolation to 
PRD. Figure 1 shows the difference between PKI and 
the interpolation of PRD for one day. 
Figure 1 shows that most of differences between PKI 
and the interpolation of PRD are below 30 mm, but a 
few epochs have obvious differences that exceed 50 
mm, which maybe a outlier. A method to detect outli-
ers is to compute the standard deviation of difference 
and take difference as a outlier if it is more than 3 
times of standard deviation. 
3 The average acceleration approach 
3. 1 Overview 
The acceleration approach is based on the Newton's 
second law of motion, which links the acceleration vec-
tor to the gradient of the gravitational potential [7 - 9l . 
Acceleration approach can be divided into point accel-
eration and average acceleration approach. The average 
acceleration is more rigorous than point acceleration 
approach , for the reason that average acceleration do 
not need interpolation and differentiation. Formula 1 
shows the average acceleration approach. 
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where r is the position vector, .1t stands for sampling 
time , f is the force model vector, w ( t' ) stands for ker-
nel function of average acceleration approach, and t' E 
[ t - .1t + .it] . This approach avoids the complex dif-
ferentiation computation because the equation does not 
need the velocity vector. Force model can be computed 
by JPL planet ephemeris file DE405 and ocean model 
FES2004. The most important thing is how to compute 
the integration of force model. A moving window inter-
polation had been used for integration , which takes 9 
order interpolation polynomial from the point of accura-
cy and experience. Furthermore, the compensating 
system of GOCE cannot compensate the non-conserva-
tive force completely, some non-conservative force still 
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Figure 1 The difference between PKI and the interpolation of PRD 
20 Geodesy and Geodynamics Vol.4 
prevail, so it must take the bias of non-conservative in-
to accormt at least. The non -conservative has a regular 
pattern only in LORF (Local Orbit Reference Frame) , 
so the non -conservative must be transformed from 
LORF to IRF. Formula 2 shows the detail transforma-
tion. 
(2) 
where F means force model in different coordinate 
frame, R staods for transform manix between LORF 
and IRF, R, staods for the i row of manix R , r and r 
stand for position vector and velocity vector. The de-
mand of velocity in formnla 2 can be satisfied by PRD 
velocity data. 
3. 2 Sequential least square adjusbnent 
As is known to all , the observation equations contain 
not only unknown gravity coefficients but also some lo-
cal parameters , for example , the bias of non -conserva-
tive force; another problem is how to deal with 
hundreds of thousands of PSO data, a so called se-
quential least squares adjustment was applied. The ob-
servation equation is written as 
v=Ax+By-l (3) 
where X is global unknown parameters of gravity coeffi-
cients, A is the design manix of global nnknown , y 
staods for local parameters , B is the design matrix of 
local parameters , v and l stand for residual difference 
vector and observed vector. All observed data can be 
divided into some arcs, the arc length is always be 30 
minutes or 1 hour. Reformnlate the formula 3 as: 
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The normal equations , which are generated by this 
approach , need fewer memory space and computation 
time. 
4 Examples 
This paper takes 62 days of PKI data ( September 2 , 
2010 to November 2,2010) into computation, for the 
reason that GOCE satellite complete coverage of the 
Earth with orbit trajectories is obtained in a 61-day re-
peat cycle. A FORTRAN routine was programed and 
called Intel MKL function for matrix computation , arc 
length of computation was defined as 30 minutes. The 
MKL function cut clown computation time tremendous-
ly, which caused by matrix computation. 16 hours 
computation time was taken based on Intel i3 proces-
sor, and received a final gravity field Model_ACA with 
90 degree. An absolute error was derived by comparing 
the Model_ACA with reference gravity mode EIGEN-
5 C. Figure 2 shows the absolute error ( 90 degree , 
computed by log) . 
Figure 2 shows that the accuracy of Model_ACA co-
efficients is well overall apart from a few lower degree 
coefficients with bad accuracy. Because of the impact 
of polar gaps , GOCE satellite does not cover the Earth 
completely , some coefficients carmot be recovered 
accurately. 
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Furthennare, Model_ACA was comp11111d with other 
gravity field modelB with high accumcy, which wu de-
rived by CHAMP, GRACE and GOCE. EIGEN-
champ03a Wall baaed on CHAMP. rrc-GRACE2010S 
waa baaed on GRACE, GO_CONS_GCF _2_TIM_R3 
was baaed on only GOCE data, GOC002S was baaed 
on GOCE and CRACE, all of the gravity field model11 
were compared with Model_ACA by seoid, the refer-
ence model ia a1ao EIGEN-SC. Figme 3 ehowa the 
compared :result. 
where ref stands for reference gravity field, and X 
ataDda for compute gravity field. 
The accuracy evaluated computation fomaula iD 
figure 3 ill: 
Figure 3 ahows that Model_ACA has a higher accu-
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because the orbit height of GOCE is lower than 
CHAMP, and more sensitive to feel the gravity field; 
Model_ACA has a lower accuracy than ITG-
GRACE2010S and GOC002S, for the reason that ref-
erence gravity field model contains much more GRACE 
information and GRACE data smoothed the pole gaps of 
GOCE in GOC002S ; the most meaningful comparison 
is Model_ACA and GO_CONS_GCF _2_TIM_R3, Mod-
el_ACA has a higher accuracy before 80 degree, GO_ 
CONS_GCF _2_TIM_R3 has a higher accuracy after 80 
degree , the reason of this phenomenon is that GO _ 
CONS_GCF _2_TIM_R3 contains not only PSO infor-
mation hut also GG information, which is very benefit 
for high degree coefficients. 
5 Conclusions 
( 1) A gravity field Model_ACA was recovered from 
GOCE satellite orbit and the degree geoid height 
reached 3 em at 90 degree and order with EIGEN-5C 
as a reference gravity field. 
( 2) Model_ACA has a higher accuracy than AIUB-
champ03 s , because the height of GOCE is lower than 
CHAMP, which means GOCE is more sensitive than 
CHAMP to detect the gravity field. 
( 3 ) Model_ACA has a higher accuracy than GOCE-
only GO_CONS_GCF _2_TIM_R3 before 80 degree, 
due to the GOCE-only gravity field contains gravity gra-
dients information, Mode _ACA has a lower accuracy 
than GO_CONS_GCF _2_TIM_R3 after 80 degree. 
( 4) Model_ACA contains only GOCE long wave-
length information, and can he used for simulate gravi-
ty gradients in the both gaps , which means that this 
work is ready for recovering GOCE-only gravity field. 
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